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Cell suspensionAbstract The effects of UV-B light force, exposure time and incubation period on producing caf-
feic acid derivatives and growth parameters in Echinacea purpurea callus and suspension culture
were assessed. UV-B led to an increment of all growth parameters and antioxidant activity in callus
and cell suspension and caffeic acid derivatives in cell suspension by increasing incubation period.
The reverse was true for G-POD activity in cell suspension and PAL activity in both types of cul-
tures. Incubation period 2 weeks was more effective in caffeic acid, total phenols and G-POD activ-
ity in callus cells and incubation period one week only for total phenols in cell suspension. The two
exposure times 2 and 4 h increased antioxidant activity in the two types of cultures. Exposure time
2 h led to increase caffeic acid and total phenols in callus cells. The maximum increase in caffeic
acid, total phenols and PAL activity in cell suspension was achieved by 4 h exposure time. Likewise,
using 2 UV-B lamps for 2 h was the most effective in creating more biochemical components than
the other treatments.
 2016 Production and hosting by Elsevier B.V. on behalf of Faculty of Agriculture, Ain Shams
University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).Introduction
Plants have been an essential wellspring of prescription for a
large number of years. Indeed, even today, the World Health
Organization assesses that up to 80% of individuals still
depend for the most part on customary cures, for example,herbs for their medicines. Plants are likewise the wellspring
of numerous current solutions.
It is assessed that around one-fourth of recommended med-
ications contain plant concentrates or dynamic ﬁxings
acquired from or demonstrated on plant substances. Echinacea
has increased extensive consideration as a result of its expand-
ing ﬁnancial esteem and use as a medicinal plant. Echinacea
purpurea is the most widely cultivated medicinal species of
the genus (McKeown, 1999). Echinacea species have for some
time been perceived as vital therapeutic plants utilized by
Native Americans for the treatment of numerous illnesses,
including colds, toothaches, snake chomps, rabies and wound
diseases (Bauer and Wagner, 1991). Plant in vitro cultures can
208 H.H. Manaf et al.create and gather numerous restoratively proﬁtable optional
metabolites.
Efforts have concentrated on the incitement of biosynthetic
exercises of reﬁned cells utilizing different strategies such as,
improving culture conditions, using selection producer cells,
addition precursor and biotransformation, elicitation and
stress induced production, transformation hairy roots and
never-ending bioreactor. Biotic and abiotic elicitors which
are classiﬁed on their origin have been considered as effective
way to stimulate secondary metabolite due to the fact that
both plant defense mechanism and metabolite production are
interrelated via secondary metabolism (Barz et al., 1988 and
DiCosmo and Tallevi, 1985).
Ultraviolet-B radiation is one important environmental fac-
tor that numerous cases impel the production of secondary
metabolites. Low UV-B doses led to increase the production
of secondary metabolites (Antognoni et al., 2007 and
Schreiner et al., 2012). As for the secondary metabolite path-
ways production is interrelated, the fact that some of these
compounds increase and other decrease is not unexpected.
As the effects of UV-B on caffeic acid derivatives have been
very rarely studied, we wanted to study whether the enhanced
UV-B radiation affects the concentration of caffeic acid
derivatives of Echinacea purpurea callus and cell suspension
culture. Also, the effects on some biochemical changes and
growth parameters were studied, because UV-B radiation dis-
turbs photosynthetic processes, which can have an effect on
growth and secondary compounds.
Material and methods
Plant material
Achenes of Echinacea purpurea (L.) Monech plants were
obtained from the National Research Center, Dokki, Giza,
Egypt. The experiment was carried out in Plant Tissue Culture
Lab of Agric. Botany Dept., Fac. of Agric. Ain shams Univ.,
during the years of 2013–2015.
Callus was formed from hypocotyl segments (5 mm) as pre-
viously described (Rabie et al., 2007). After three subcultures
on MS medium (Murashige and Skoog, 1962) with growth reg-
ulators [1.5 mg/l benzyl adenine (BA) + 1 mg/l naphthalene
acetic acid (NAA)], half gram of callus was used for callus
and cell suspension culture type. In addition, cell suspension
culture was incubated on orbital platform shaker at 100 rpm.
Culture conditions
Callus and cell suspension were incubated under light condi-
tion for 16 h/day photoperiod at intensity of 6000 Lux from
white ﬂuorescent lamps at 25 C± 2 in orbital platform
shaker.
UV-B treatments
Callus and cell suspension cultures were used for UV-B treat-
ments after three days from transfer the separated pieces of
callus in the same controlled growth chamber described above.
Supplemental UV-B was given using Holland Philips special
TL 20 W/01RS narrowband tube (312 nm) suspended directlyabove the cultures and the distance between lamps and the tis-
sues 30 cm, provided by two or four lamps. UV-B exposures
were provided daily for 2, 4 and 6 h and all cultures also
received white light from ﬂuorescent lamps to complete the
photoperiod. The incubation periods were 1, 2 and 3 weeks.
For the control, cultures were grown in completely white light
and the same incubation periods. At the end of incubation per-
iod, the cells were harvested for growth measurements and
chemical analyses.
Growth parameters
The fresh weight of harvested callus and cell suspension cul-
tures was determined immediately and then freeze-dried for
dry weight and analysis. The culture growth was determined
in terms of growth index (GI) which was calculated according
to Dung et al., (1981) by using the following formula:
Growth index ¼ Final fresh weight
 Initial fresh weight=Initial fresh weightBiochemical analyses
Extraction and assay of the caffeic acid derivatives
A weighed amount 0.1 g dry weight was extracted according to
the method described by Pellati et al. (2004) to determine caf-
feic acid derivatives, total phenolic contents and antioxidant
activity. The total caffeic acid content in the callus tissue was
determined as described by Bauer and Foster (1991).
Determination of total phenols
The total phenols in the sample metabolic extracts were ana-
lyzed spectrophotometrically using a modiﬁcation of the
Folin–Ciocalteu colorimetric by the method of Ozyigit et al.
(2007).
Determination of non-enzymatic antioxidant activity
The free radical scavenging activity using the 1,1-diphenyl-2-
picryl-hydrazil (DPPH) reagent was determined according to
Brand-Williams et al. (1995):
Antioxidant activity¼Control absorbance
Sample absorbance=Control absorbance100Determination of enzymes activity
Extraction of enzymes
The tissues (0.3 g) of callus and cell suspension were ground
using cold mortar and pestle and homogenized with cold
sodium phosphate buffer (100 mM, pH= 7) containing 1%
(w/v) polyvinylpyrrolidone (PVP) and 0.1 mM EDTA. The
extraction ratio was 4 ml extraction buffer for each 300 mg
of callus tissues. The homogenate was centrifuged at
4500 rpm at 4 C for 15 min. The supernatant was used for
measurement of guaiacol peroxidase (G-POD) and phenylala-
nine ammonia lyase (PAL) activities. Also, proteins concentra-
tion was quantiﬁed in the crude extract by the method of
Lowry et al. (1951) using bovine serum albumin as a standard.
Table 1 Effect of UV-B exposure time, number of lamps and incubation period on the growth parameters of Echinacea purpurea callus and cell suspension cultures.
Culture
type
Treatments Fresh weight (g) Growth index (%) Dry weight (g)
Exposure
time (h)
Number of
lamps
Incubation period (week) Mean Incubation period
(week)
Mean Incubation period (week) Mean
1 2 3 No. of
lamps
Exp.
time
1 2 3 No. of
lamps
Exp.
time
1 2 3 No. of
lamps
Exp.
time
Callus 0 0 0.68j 0.89ef 0.92de 0.83E 0.83D 35j 78ef 85de 66E 66D 0.055ij 0.067fg 0.077cde 0.066D 0.066C
2 2 0.69ij 1.05c 1.07bc 0.94BC 0.91B 39ij 111c 114bc 88BC 82B 0.050j 0.078cd 0.083bc 0.070BC 0.069B
4 0.77h 0.89e 0.97d 0.88D 54h 79e 95d 76D 0.055ij 0.071efg 0.079cd 0.068D
4 2 0.79gh 0.83fg 1.12ab 0.91C 0.88C 58gh 67fg 123ab 83C 76C 0.059hi 0.065gh 0.083bc 0.069BCD 0.070B
4 0.75hi 0.88ef 0.90e 0.84E 49hi 76ef 80e 69E 0.066g 0.070efg 0.074def 0.070BCD
6 2 0.70ij 1.08bc 1.15a 0.97B 1.01A 39ij 115bc 130a 95B 102A 0.050j 0.082bc 0.086b 0.073B 0.075A
4 0.90e 1.09abc 1.14a 1.04A 80e 118abc 129a 109A 0.055ij 0.079cd 0.098a 0.077A
Mean 0.74C 0.95B 1.025A 49C 90B 105A 0.056C 0.072B 0.082A
Cell
suspension
0 0 0.57m 0.93jk 2.12c 1.21D 1.21C 15m 87jk 325c 142D 142C 0.037kl 0.055ij 0.113cd 0.068C 0.068C
2 2 0.56m 0.89jk 1.02ij 0.82E 1.33B 12m 77jk 104ij 64E 166B 0.041k 0.058ij 0.077fg 0.059D 0.085A
4 1.16hi 1.93de 2.43b 1.84B 132hi 285de 387b 268B 0.076fg 0.105de 0.154a 0.112A
4 2 0.53m 0.84kl 0.96jk 0.78E 1.19C 6m 69kl 93jk 56E 139C 0.042k 0.072gh 0.056ij 0.057D 0.076B
4 0.96jk 1.82ef 2.05cd 1.61C 93jk 263ef 309cd 222C 0.064hi 0.099e 0.124b 0.096B
6 2 0.51m 0.73l 1.33g 0.85E 1.40A 3m 45l 166g 72E 180A 0.030l 0.053j 0.084f 0.056D 0.077B
4 1.18h 1.68f 2.96a 1.94A 137h 235f 491a 288A 0.076fg 0.099e 0.118bc 0.098B
Mean 0.76C 1.22B 1.87A 51C 144B 275A 0.051C 0.075B 0.105A
Means followed by different letters are signiﬁcantly different at LSD 5%.
Capital letters for mean of overall treatment or incubation period, whereas lowercase letters for interaction.
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Table 2 Effect of UV-B exposure time, number of lamps and incubation period on the biochemical analyses of Echinacea purpurea callus and cell suspension cultures.
Culture
type
Treatments Caﬀeic acid derivatives (mg/g D.Wt) Total phenols (mg/g D.Wt) Antioxidant activity (%)
Exposure
time (h)
Number of
lamps
Incubation period (week) Mean Incubation period (week) Mean Incubation period (week) Mean
1 2 3 No. of
lamps
Exp.
time
1 2 3 No. of
lamps
Exp.
time
1 2 3 No. of
lamps
Exp.
time
Callus 0 0 0.0168k 0.0245fgh 0.0220hi 0.0211E 0.0211C 2.05l 2.62ij 2.52jk 2.40F 2.40D 7.0m 13.8k 16.9ij 12.6E 12.6C
2 2 0.0252efg 0.0309ab 0.0232gh 0.0265B 0.0282A 4.08e 5.17a 4.72b 4.66A 4.06A 19.0f 21.7b 20.7de 20.4A 19.3A
4 0.0286bcd 0.0306ab 0.0304ab 0.0299A 3.71f 3.20h 3.46g 3.46C 14.7k 17.6hi 22b 18.1C
4 2 0.0263def 0.0236fgh 0.0275cde 0.0258BC 0.0248B 4.02e 4.49cd 4.61bcd 4.37B 3.61C 16.4j 19.8e 24.8a 20.4A 19.6A
4 0.0283bcd 0.0232gh 0.0198ij 0.0238D 3.51g 2.70ij 2.31k 2.84E 21.4bcd 17.4hi 17.5hi 18.8B
6 2 0.0262def 0.0234gh 0.0300abc 0.0265B 0.0256B 4.54bcd 4.68bc 4.44d 4.55A 3.92B 18.8fg 21.6bc 22b 20.8A 18.2B
4 0.0178jk 0.0319a 0.0243fgh 0.0247CD 3.94e 3.19h 2.74i 3.29D 8.2l 20.8cd 18gh 15.7D
Mean 0.0232C 0.0266A 0.0249B 3.49B 3.58A 3.41C 14.1C 18.3B 19.8A
Cell
suspension
0 0 0.0193i 0.0219gh 0.0300ef 0.0237D 0.0237C 0.96l 2.53jk 2.52jk 2.01E 2.01C 1.5o 13.9m 21.8ef 12.4F 12.4C
2 2 0.0201hi 0.0333c 0.0319cde 0.0284C 0.0265B 3.76e 3.31f 4.27c 3.78B 3.28B 18.5hi 23.9c 28.8a 23.7A 20.4A
4 0.0229g 0.0200hi 0.0307def 0.0245D 3.32f 2.45jk 2.54jk 2.77C 6.8n 17.8ij 26.4b 17.0E
4 2 0.0298ef 0.0309cde 0.0442a 0.0350A 0.0284A 6.63a 3.68e 4.01d 4.77A 3.76A 19.3gh 22.7d 27.0b 23.0B 20.7A
4 0.0202hi 0.0237g 0.0218ghi 0.0219E 3.16fg 2.63ij 2.44jk 2.74C 13.9m 17.4jk 24.0c 18.4D
6 2 0.0198hi 0.0325cd 0.0368b 0.0297B 0.0266B 5.70b 2.96gh 2.95gh 3.87B 3.21B 19.5g 16.5l 22.3de 19.4C 19.6B
4 0.0283f 0.0220gh 0.0201hi 0.0234D 2.82hi 2.44jk 2.36k 2.54D 16.6kl 21.7ef 20.9f 19.7C
Mean 0.0225C 0.0258B 0.0307A 3.41A 2.82C 2.95B 12.2C 18.5B 24.1A
Means followed by different letters are signiﬁcantly different at LSD 5%.
Capital letters for mean of overall treatment or incubation period, whereas lowercase letters for interaction.
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Table 3 Effect of UV-B exposure time, number of lamps and incubation period on the enzymes activity of Echinacea purpurea callus and cell suspension cultures.
Culture type Treatments G-POD (unit/mg protein) PAL (unit/mg protein)
Exposure time (h) Number of lamps Incubation period (week) Mean Incubation period (week) Mean
1 2 3 No. of lamps Exp. time 1 2 3 No. of lamps Exp. time
Callus 0 0 03139.6j 5158.7f 02645.9k 3648.0E 3648.05D 2054.7de 2458.2c 2458.1c 2323.6B 2323.6A
2 2 15056.4a 6722.5e 11683.8b 11154.2A 7494.97A 2205.4cde 1425.7gh 2432.1c 2021.1C 1969.9B
4 03765.4h 3611.9hi 04129.9g 3835.7D 3355.4b 1206.6h 1194.5h 1918.8C
4 2 06766.7e 8051.8d 08787.5c 7868.6B 5383.65B 0783.2i 1613.0fg 1882.4ef 1426.2E 1565.1C
4 03871.4gh 2242.9l 02581.6k 2898.6F 2473.4c 1332.9gh 1305.8gh 1704.0D
6 2 03252.9j 7801.6d 03255.5j 4769.9C 4234.23C 0805.7i 1901.8ef 0721.2i 1142.9F 1952.7B
4 03392.2ij 5014.8f 02688.4k 3698.5DE 4114.3a 2252.3cd 1920.7ef 2762.4A
Mean 05298.0B 5470.3A 04802.3C 2230.8A 1831.1B 1796.6B
Cell suspension 0 0 6470.4a 4387.1b 1176.2i 4011.2A 4011.2A 3585.8def 3163.1fghi 3242.7fgh 3330.5C 3330.5AB
2 2 3386.0d 1185.4i 0763.6j 1778.3C 2377.0B 4064.3d 5599.0b 2645.2ijk 4102.9A 3179.8B
4 3914.6c 2432.3ef 2580.3e 2975.7B 2153.3klm 1783.6m 2833.0hij 2256.6E
4 2 3538.0d 0441.8kl 0571.9jk 1517.2D 1362.8C 3866.9de 4791.7c 2631.6jkl 3763.4B 3470.6A
4 1904.4g 1489.8h 0231.1lm 1208.4E 3378.7efg 3542.6ef 2611.8jkl 3177.7C
6 2 0984.3i 0219.3m 0030.1m 411.2F 0994.7D 2442.8jkl 2876.9ghij 2716.9ij 2678.9D 3270.7AB
4 2305.1f 1731.9g 0697.2j 1578.1D 7673.9a 1794.0m 2119.8lm 3862.6AB
Mean 3621.6A 2034.3B 0903.3C 3843.9A 3339.2B 2755.4C
Means followed by different letters are signiﬁcantly different at LSD 5%.
Capital letters for mean of overall treatment or incubation period, whereas lowercase letters for interaction.
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212 H.H. Manaf et al.Guaiacol peroxidase (G-POD) assay
Guaiacol peroxidase (G-POD) (EC1.11.1.7) activity was quan-
tiﬁed by the method of Hammerschmidt et al. (1982) and
expressed as unit/mg protein.
Phenylalanine ammonia lyase (PAL) assay
Phenylalanine ammonia lyase (PAL) (EC 4.3.1.5) activity was
quantiﬁed by the method of Lister et al. (1996) and expressed
as unit/mg protein.
The experiment was conducted in a complete randomized
design with ﬁve replicates (jars) each replicate has three clus-
ters that form callus culture and ﬁve replicates (ﬂasks) each
replicate has half gram of cells for suspension culture. The
obtained results were subjected to factual investigation of dif-
ference as indicated by the strategy portrayed by Snedecor and
Cochran (1982) by using (SAS, 2003) computer program and
means were compared by LSD method.
Results and discussions
Effect of UV-B
Data illustrated in Tables 1–3 show the effect of UV-B expo-
sure time, number of lamps, incubation period and their com-
binations on the growth parameters (fresh weight, growth
index and dry weight) and biochemical analyses of Echinacea
purpurea callus and cell suspension cultures during the years
of 2013–2015.
Effect of UV-B on growth parameters
The effect of UV-B exposure time, number of lamps and incu-
bation period on the growth parameters of Echinacea purpurea
callus and cell suspension cultures is illustrated in Table 1. It
could be observed that both the fresh weight and the growth
index of callus and cell suspension took the same trend. The
results indicated that the general trend of all growth parame-
ters was gradually increased signiﬁcantly by increasing incuba-
tion period on callus or cell suspension cultures.
As for the effect of exposure time on callus biomass, the
data showed that all exposure times increased signiﬁcantly
all the growth parameters when compared to the control.
The highest callus fresh and dry weights and growth index
were recorded with the exposure time 6 h (1.01 & 0.075 g
and 102%), respectively. The highest signiﬁcant value of dry
weight was recorded with the exposure time 6 h (0.075 g),
whereas, there is no signiﬁcant difference between the other
two exposure times. The four UV lambs with the exposure
time 6 h led to the most signiﬁcant value of fresh weight and
growth index (1.04 g & 109%), respectively, followed by the
two UV lambs with the same exposure time (0.97 g & 95%).
By the same token, the four UV lambs with the exposure time
6 h recorded the most signiﬁcant dry weight mean value
(0.077 g) then followed by the two UV lambs with the same
exposure time. As for the interaction, the exposure time 6 h
with two and four UV lambs after three weeks incubation per-
iod, the exposure time 4 h with two UV lambs after three
weeks incubation period and the exposure time 6 h with four
UV lambs after two weeks incubation period nearly led to
the highest signiﬁcant value of fresh weight (1.15, 1.14, 1.12& 1.09 g), growth index (130, 129, 123 & 118%) and dry weight
(0.086, 0.098, 0.083 & 0.079 g) respectively.
Regarding the cell suspension culture, both of the exposure
times 2 and 6 h showed signiﬁcant increment in the values of
the fresh weight and growth index. The exposure time 6 h gave
the maximum fresh weight and growth index (1.40 g & 180%),
respectively, followed by the exposure time 2 h (1.33 g &
166%), respectively, whereas the exposure time 4 h showed
no signiﬁcant difference when compared to the control. In
the same way of callus culture, the dry weight of the cell sus-
pension culture only showed signiﬁcant increase in all exposure
times against the control and the highest dry weight was
recorded with the exposure time 2 h (0.085 g). Also the other
two exposure times did not show signiﬁcant difference between
them. After the exposure time 6 h of UV-B irradiation using a
high irradiance dose (4 lambs), the cell suspension culture bio-
mass reached to the highest signiﬁcant mean value of the fresh
weight and growth index (1.94 g & 288%), respectively, fol-
lowed by the same irradiance dose with the exposure time
2 h (1.84 g & 268%). On the contrary, the highest signiﬁcant
mean value of dry weight was recorded after the exposure time
2 h of UV-B irradiation using a high irradiance dose (4 lamps)
then after the exposure time 6 h using the four UV-B lamps
(0.112 & 0.098 g), respectively. As for the interaction, the expo-
sure time 6 h with four UV lamps after three weeks incubation
period led to the maximum signiﬁcant value of the fresh weight
and growth index (2.96 g & 491%), respectively, followed by
the exposure time 2 h with four UV lambs after three weeks
incubation period (2.43 g & 387%), respectively. At the same
time, the exposure time 2 h with four UV lamps after three
weeks incubation period showed the highest signiﬁcant dry
weight value (0.154 g).
Previous studies showed that using UV-B radiation affect-
ing on plant growth not only inhibition but also promoting
the growth (Ibanez et al., 2008 and Day et al., 1999), and
the effect of UV-B radiation on plant growth related to
species-speciﬁc (Deckmyn and Impens, 1998). Zagoskina
et al. (2003, 2005) corroborated the inhibitor effect for UV-B
radiation on callus culture growth for Camellia sinensis, which
decreased the size of callus-forming cells. The tissue had a
lower growth index and water content and morphological
characteristics were modiﬁed. Also, Cuadra et al. (1997) trea-
ted Gnaphalium luteo-album plants with high and low UV-B
irradiance levels and the result showed increases in stem elon-
gation by low irradiance treatments and inhibition in plant
growth by high irradiance treatments. While, Barba´s et al.
(1998) found inhibition effect for UV-B light on Triticum aes-
tivum stem and leaf elongation at the beginning of the treat-
ment but this reduction unaccompanied with dry weight.
They suggested that UV-B irradiation inhibited the cell elonga-
tion process rather than the mass growth. Also they found that
by the end of the experimental time, the inhibitory effect
decreased. Zuk-Golaszewska et al. (2003) used different doses
of UV-B radiation in Avena fatua and Setaria viridis. The
exposure to UV-B induced decrement in plant height, fresh
mass of leaves, shoots and roots and leaf area. Besides that,
U-VB did not reduce leaf weight ratio, shoot dry matter, shoot
to root ratio and leaf area ratio. In the same way, Cuadra et al.
(2004) treated Jaborosa magellanica with artiﬁcial UV-B radi-
ation which led to reduction in leaf area, alterations in plant
architecture. While, Santos et al. (2004) found that UV-B
exposure reduced signiﬁcantly potato leaf area and the height
Impact of UV-B radiation on some biochemical changes and growth parameters 213of the plants was shorter than controls. Also, leaf area dimin-
ished, leaf dry weight and leaf thickness were increased.
Other researchers mentioned that presence of UV-
absorbing substances in the cells gives it the protection, for
example, the plant height and plant dry mass in Hypericum
plant not inﬂuenced by differences in levels of UV-B radiation
for accumulation of these substances (Germ et al., 2010). Also
Zu et al. (2010) found that UV-B radiation induced signiﬁcant
ﬂavonoid accumulation which was able to protect Taxus chi-
nensis plant from radiation damage except some changes which
signiﬁcantly decreased leaf area, leaf number, secondary
branch number, leaf weight per plant and leaf moisture all
increased dramatically.
Effect of UV-B on biochemical analyses
The effect of UV-B exposure time, number of lamps and incu-
bation period on the biochemical analyses (caffeic acid deriva-
tives, total phenols and antioxidant activity percentage) of
Echinacea purpurea callus and suspension cultures is presented
in Tables 2 and 3.
Caffeic acid derivatives
Callus culture (Table 2) displayed the excellent increase of caf-
feic acid derivatives (0.0266 mg/g D.Wt) after two weeks incu-
bation period. Exposure time 2 h presented the highest
constitutive level and achieved signiﬁcant increase of caffeic
acid derivatives (0.0282 mg/g D.Wt) when compared to the
control. Growing the callus cultures under 4 lamps of UV-B
for 2 h showed the maximum level of caffeic acid derivatives
(0.0299 mg/g D.Wt), followed by 0.0265 mg/g D.Wt caffeic
acid derivatives when growing under 2 lamps of UV-B for 2
and 6 h irradiation. Regarding the interaction, most treat-
ments led to the highest increment of caffeic acid derivatives
without any signiﬁcant differences between them, such as, cal-
lus irradiated with 4 lamps of UV-B for 6 h exposure time and
incubated for 2 weeks, 2 and 4 lamps of UV-B for 2 h exposure
time and incubated for 2 weeks and 4 lamps of UV-B for 2 h
exposure time and incubated for 3 weeks (0.0319, 0.0309,
0.0306 & 0.0304 mg/g D.Wt), respectively.
In the cell suspension cultures subjected to UV-B radiation
(Table 2), caffeic acid derivatives gradually increased signiﬁ-
cantly by increasing incubation period. While, the 4 h exposure
time recorded the highest caffeic acid derivatives concentration
(0.0284 mg/g D.Wt) against the control. The amount of caffeic
acid derivatives measured in the cells suspension showed that 2
lamps of UV-B for 4 h recorded the maximum concentration
(0.0350 mg/g D.Wt) of caffeic acid derivatives against the con-
trol followed by 2 lamps of UV-B for 6 h (0.0297 mg/g D.Wt).
Furthermore, the interaction between treatments and incuba-
tion periods indicated that cell suspension irradiated with 2
lamps of UV-B for 4 h exposure time and incubated for
3 weeks led to the most signiﬁcant increase in caffeic acid
derivatives (0.0442 mg/g D.Wt).
Many studies were carried out to evaluate the elicitation
effect for UV-B radiation on secondary product concentration
in plants; Menghini et al. (1993) achieved to increase quercetin
glycosides in Brassica napus during UV-B stress. Also a ﬂavo-
noid concentration was increased as UV-B absorbing pigment
in Silene vulgaris leaves as a result of UV-B radiation (Van DeStaaij et al., 1995). While, Antognoni et al. (2007) increased the
production of all four glycosyl ﬂavonoids by UV-B irradiation
for Passiflora sp. callus after a 7-day exposure of cultures to
UV-B light, Luis et al. (2007) tested two dosages of UV-B radi-
ation (5.4 & 31 kJ m2 d1) on Rosmarinus officinalis L. plants.
UV-B radiation treatments led to increase the concentrations
of caffeic acid, rosmarinic acid, naringin, cirsimaritin, carnosol
and carnosic acid in rosemary irradiated plants, but two com-
pounds, vanillic acid and hispidulin, exhibited an opposite
response.
The cell suspension cultures (stationary and late exponen-
tial phase of growth) of Catharanthus roseus were irradiated
for 5 min with UV-B lamp (1,26 lW cm2). Catharanthine
and vindoline increased without affecting cell growth and via-
bility. The concentrations of these secondary metabolites were
found to be highest at 48–72 h after UV-B treatment (Ramani
and Jayabaskaran, 2008). Germ et al. (2010) analyzed concen-
trations of ﬂavonoids, tannins and hypericin in Hypericum per-
foratum herb grown under different levels of UV-B radiation.
Under enhancing UV-B, the concentrations of ﬂavonoids
and tannins in the leaf increased, while, decreased the hyper-
icin concentrations. In the same way, Sun et al. (2010) investi-
gated the effect of UV-B radiation (82.90 lW/cm2 intensity) on
Ginkgo biloba leaves to quantify and identify secondary
metabolites involved in response to UV-B. Moderate radiation
time (120 min) showed distinct increase in ﬂavonoids and Gb1
an array of defensive response (3-(40-hydroxyphenyl)-1-thiol-2-
propylene) after UV-B treatment. Also, Gil et al. (2012)
exposed in vitro cultured plants of Vitis vinifera to two differ-
ent UV-B doses (low, 16 h at 8.25 l W/cm2 and high 4 h at
33 l W/cm2). Low UV-B treatment increased levels of the
membrane-related triterpenes more notable in young leaves.
By contrast, accumulation of compounds with antioxidant
properties, diterpenes a and c tocopherol had maximum accu-
mulation under high UV-B, which was accentuated in mature
leaves. Ghanati et al. (2013) found through analysis UV
absorbing compounds, malvidin and catechin contents signiﬁ-
cantly increased after exposure of the Malve neglecta cells to
UV-B, while the contents of delphinidin and apigenin of
UV-treated cells were remarkably lower than those of the con-
trol cells.
Total phenols
From the results illustrated in Table 2, it is noticed that the
most inﬂuential incubation period in the production of total
phenols in the callus culture was 2 weeks (3.58 mg/g D.Wt).
A signiﬁcant increment in total phenols was observed in all
UV-B exposed treatments. The highest increment of total phe-
nols was found after 2 h exposure time (4.06 mg/g D.Wt), fol-
lowed by 6 h exposure time (3.92 mg/g D.Wt) and 4 h exposure
time (3.61 mg/g D.Wt) over the control. At the same time,
using 2 UV-B lamps for 2 h or 6 h signiﬁcantly enhanced the
total phenols (4.66 & 4.55 mg/g D.Wt), respectively. As for
the interaction, the highest signiﬁcant total phenols were
observed by using 2 UV-B lamps for 2 h exposure time then
incubated for 2 weeks (5.17 mg/g D.Wt).
The results in Table 2 showed that an increment of incuba-
tion period decreased the total phenols in cell suspension cul-
ture, so the ﬁrst incubation week recorded the highest
signiﬁcant total phenols (3.41 mg/g D.Wt). It is also of interest
214 H.H. Manaf et al.that all exposure times signiﬁcantly increased the total phenols
over the control, but the 4 h exposure time gave the maximum
total phenols (3.76 mg/g D.Wt). Moreover, exposing the cell
suspension cultures to 2 UV-B lamps for 4 h led to increase
the total phenols (4.77 mg/g D.Wt) against the control or other
treatments. Signiﬁcant differences in total phenols were
observed among the interaction between some treatments.
Judging from the data of the interaction, using 2 UV-B lamps
for 4 h exposure time then incubated for one week recorded the
highest total phenols (6.63 mg/g D.Wt).
In the same manner Cuadra et al. (1997) reported that
Gnaphalium luteo-album plants which were analyzed in
response to UV-B irradiation (1.60 mW/m2 & 4.50 mW/m2)
showed increases in the absorbance of vacuolar phenolic. Sig-
niﬁcant increases were observed in the concentrations of two
surface ﬂavonols, calycopterin and 3-methoxycalycopterin,
which were identiﬁed for the ﬁrst time in this species. This
result concomitant with Zagoskina et al. (2003) tested the
effect of UV-B irradiation on the accumulation of phenolic
compounds in Camellia sinensis callus culture. UV-B radiation
promoted the accumulation of soluble and polymeric forms of
phenolic compounds. Also, UV-B altered the ability of cul-
tured Camellia sinensis cells to accumulate phenolic com-
pounds, including ﬂavans. At the end of culturing cycle, the
total phenolic compounds in the culture grown under supple-
mentary UV irradiation were almost 1.5 times higher than
those in the control culture, Zagoskina et al. (2005), while,
Ghanati et al. (2013) found that the Malva neglecta callus cul-
ture with UV-B signiﬁcantly increased total wall-bound pheno-
lic compounds, especially tannic and benzoic acids which are
more noticeable than other measured phenols.
Non-enzymatic antioxidant activity
Table 2 shows that the UV-B was signiﬁcantly affected by ele-
vation of the incubation period on callus culture. The results
indicated that incubation callus culture for 3 weeks gave the
highest percentage of the non-enzymatic antioxidant activity
(19.8%). In comparison with the control, UV-B exposure time
signiﬁcantly increased the non-enzymatic antioxidant activity;
hence, both 2 and 4 h exposure times recorded the maximum
values with no-signiﬁcant difference between them (19.3% &
19.6%), respectively. At the same time, the effect of number
of lamps with the exposure time showed that the 2 UV-B lamps
at all exposure times gave the highest signiﬁcant percentage of
the non-enzymatic antioxidant activity. Meanwhile, exposing
callus for 2 UV-B lamps for 4 h then incubated to 3 weeks
recorded the highest signiﬁcant value of non-enzymatic antiox-
idant activity (24.8%).
The same trend of callus was true in cell suspension cul-
ture, especially in incubation period and exposure time,
where, the 3 week incubation period showed the maximum
non-enzymatic antioxidant activity mean percentage
(24.1%) and 2 and 4 h exposure times recorded the highest
percentage without any signiﬁcant differences between them
(20.4% & 20.7%), respectively. Using 2 UV-B lamps for
2 h showed the best signiﬁcant percentage (23.7%) against
the control and other treatments. Also, irradiated cell sus-
pension culture by 2 UV-B lamps for 2 h then incubated
3 weeks gave the maximum percentage of non-enzymatic
antioxidant activity (28.8%).This result corroborated previous study for Avena-Bustillos
et al. (2012), who found that the antioxidant capacity increased
signiﬁcantly and correlated directly with total soluble phenolic;
analysis revealed that 5-O-caffeoylquinic acid (5-CQA) was the
primary phenolic responsible for this increase as biological
response to UV-B exposure. Although this may be true, Luis
et al. (2007) mentioned in their study that UV-B radiation in
rosemary plants induced higher concentrations of rosmarinic
acid and carnosic acid.
Enzymes activity
Guaiacol peroxidase (G-POD)
As shown in Table 3, different behavior of the guaiacol perox-
idase (G-POD) activity of E. purpurea callus was observed
under UV-B treatments. Generally, the mean of G-POD activ-
ity increased to the maximum activity after 2 weeks of incuba-
tion period then decreased after that. The UV-B enhanced G-
POD activity against the control, but this increment is
decreased with increasing exposure time. Moreover, the num-
ber of the lamps showed increase in G-POD activity with 2
UV-B lamps and decreasing with the 4 UV-B lamps as affected
by the exposure time. So, it is clear that callus cultures irradi-
ated to 2 UV-B lamps for 2 h recorded the highest G-POD
activity (11154.2 unit/mg protein). As for the effect of the
interaction, the maximum G-POD activity (15056.4 unit/mg
protein) was observed with irradiation of the callus with 2
UV-B lamps for 2 h then incubated for a week.
The potential UV-B capacity on G-POD enzyme of E. pur-
purea is shown as expressed by its activity. Exposing cell sus-
pension culture to UV-B radiation and then incubation for a
week scored signiﬁcantly better G-POD activity (3621.6 unit/
mg protein). In contrast to callus, reduced G-POD activity
was observed in all UV-B treatments.
Li and Shi (2005), reported that the activities of SOD and
POD were enhanced in the ﬁrst stages of exposure and
decreased in the longest periods of UV-B exposure on Gentiana
straminea leaves. In previous research, many authors docu-
mented the positive effect of UV-B radiation on increasing
antioxidant enzymes, (Rao et al., 1996) mentioned that in sun-
ﬂower plant guaiacol peroxidase (GPX) activity increased as a
result for radiation, while Barba´s et al. (1998) mentioned a
decrease in catalase, guaiacol peroxidase and SOD activities
of wheat plant as affected by excess UV-B irradiation. Also,
Santos et al. (2004) corroborated that in their result on potato
plants, many enzymes were activated (catalase, ascorbate per-
oxidase and guaiacol peroxidase) as a defense response help
the plant to cope UV-B effect, also mentioned induction of a
new catalase isoform and three new guaiacol isoperoxidases.
In addition, Yannarelli et al. (2006) investigated that ascorbate
peroxidase (APX) activity remains unaltered, and catalase
(CAT) and guaiacol peroxidase (GPX) activities were
increased in the cotyledons of Helianthus annuus subjected to
UV-B radiation. The plant analyses had one CAT and four
peroxidase isoforms one or more of them were activated
according to the treatment. Zu et al. (2010) evaluated SOD,
POD, APX and CAT enzymes acted as antioxidant com-
pounds associate in reducing photo-oxidative from UV-B
exposure in Taxus chinensis leaves. They found that the activ-
ity of SOD was increased, but the activities of POD, CAT and
APX were decreased by UV-B treatment.
Impact of UV-B radiation on some biochemical changes and growth parameters 215Phenylalanine ammonia lyase (PAL)
The activity of callus or cell suspension PAL was measured
(Table 3). The activity of callus or cell suspension PAL
decreased signiﬁcantly with increasing the incubation period,
so the highest activity recorded after the ﬁrst incubation week
of callus and cell suspension cultures (2230.8 and 3843.9 unit/
mg protein), respectively. As for callus cultures, the mean PAL
activity was not inﬂuenced by UV-B exposure time and the un-
irradiated callus with UV-B (control) recorded the highest sig-
niﬁcant activity, while the number of UV-B lamps affected
PAL activity. The maximum activity was observed by using
4 UV-B lamps for 6 h (2762.4 unit/mg protein), while, the
interaction showed that using 4 UV-B lamps for 6 h then incu-
bated for a week led to the highest PAL activity (4114.3 unit/
mg protein).
However, the exposure time to UV-B did not show clear
effect on cell suspension cultures. The 4 h exposure time
recorded the highest mean PAL activity value (3470.6 unit/
mg protein), but without no signiﬁcant differences with the
control and the 6 h exposure time. Also, the results demon-
strated that using 2 UV-B lamps for 2 h or 4 UV-B lamps
for 6 h led to increase signiﬁcantly the PAL activity (4102.9
and 3862.6 unit/mg protein), respectively comparing with the
control. Moreover, the interaction showed that using 4 UV-
B lamps for 6 h then incubated for a week led to the highest
PAL activity (7673.9 unit/mg protein).
Plants usually increase de novo synthesis of ﬂavonoids as
antioxidant substances under increasing UV-B radiation, that
is because UV-B radiation induced the synthesis of key
enzymes of the phenylpropanoid pathway (Rozema et al.,
2002 and Searles et al., 2001). Elevation in PAL activity as a
result of exposure to enhanced UV-B was previously reported
by Cantarello et al. (2005), who elucidated that UV-B treat-
ments increased transcripts of PAL after 31 h and the high
transcription remained high until it declined, reaching to the
control values after 72 h of the last treatment with UV-B. Also,
exposure of hydrated seeds of mash-bean (Vigna mungo)
increased PAL activity in root tissues and then reached to
the control values after 8 days from treatment (Shaukat
et al., 2013).
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